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ABSTRACT
Demura, S and Miyaguchi, K. Evaluation of muscle power
exerted by explosive gripping. J Strength Cond Res 23(2):
465–471, 2009—To establish the evaluation method for muscle
power exerted by explosive gripping, this study aimed to
examine the reliability of parameters and the muscle power
output properties in both genders. Fifteen young men and 15
women participated in this study. Each subject carried out
explosive grip tests twice using a simple muscle power
measurement device (weight loading method), each time with
20, 30, 40, and 50% loads of maximum grip strength (MGS) by
isometric contraction. Peak power was drawn from the product
of the measured peak velocity and relative loads. The reliability
of each parameter in all loads was good (interclass correlation
coefficient .0.75) for both genders. The MGS showed
insignificant correlation with all parameters. Peak power values
were larger in men than in women for all loads, and the women’s
values were 44.5–52.2% of the men’s. A large gender
difference was found for 20% MGS. In conclusion, the
reliability of muscle power parameters measured by the
measurement device in this study is high. It was judged that
the device used in this study can properly evaluate the gender
difference in muscle power output properties by explosive
gripping.
KEY WORDS explosive gripping, gender difference, rotary
encoder, reliability, weight loading method
INTRODUCTION
M
uscle power has generally been defined as the
ability to produce high energy output within
a very short period of time, and it is calculated
from the product of force and velocity exerted
during dynamicmuscle contraction. Until now,muscle power
has been evaluated using special measurement devices such as
inertia wheels (10), isokinetic dynamometers (6,11), and the
Cedaron Dexter System (14). Measurements obtained by
these devices are quite objective and precise because of the
relatively small contribution of the subject’s skill factor.
However, these devices are very expensive and large.
Additionally, because of the need to give the subject a time
restriction and the subsequent psychological stress for the
subject, this measurement method is not necessarily simple
or convenient. Hence, we used a simple and easy measuring
device with a rotary encoder in this study to be able to
measure even elderly and handicapped people easily. Using
this device, we tried to measure the muscle power produced
by explosive gripping.
In daily living, localmuscle power involving a small range of
joint motion, such as gripping or elbow flexion, is used more
frequently than the explosive power of the whole body (1). In
particular, grasp movements are very important and are used
frequently in everyday life. Until now, gripping has been used
to evaluate maximal grip strength (MGS) by isometric
contraction. However, after muscle injury, even if maximum
muscle strength is recovered sufficiently, it is often the case
that the person can no longer exert muscle strength explo-
sively. In addition, it was reported that under an isometric
muscle contraction condition, the muscle output is influ-
enced mainly by the cross-sectional area of the muscle and
very little by the muscle fiber type (17). Hence, it will also be
very important to evaluate the ability to exert force explo-
sively (the rate of force development) by hand gripping in
addition to the MGS. It was reported that the persistence of
isometric muscle strength work with high intensity causes an
elevation of blood pressure (16). The dynamic measurement
method to exert muscle power instantly may, therefore, be
more appropriate for muscle strength evaluation in the elderly.
When developing a new device, we need to confirm the
reliability of the measurements. Demura et al. (4) tried to
evaluate muscle power by force-time parameters exerted
during explosive isometric gripping. They reported that the
interclass correlation coefficient (ICC) of the maximal grip
value was more than 0.9, but the ICC of the force-time
parameters was lower than 0.7. The measurement device
used in this study can measure muscle power from
performances (moving velocity) exerted with a form similar
to real output properties.
Thus, it is considered that this device is practical and offers
more reliable data than other devices. In fact, Demura et al. (3)
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measured elbow flexure power using this device and report
that the reliability of measurements was very high (ICC =
0.89). However, the reliability of measurements from local
small movements, such as gripping, has not yet been suf-
ficiently examined.
Additionally, many researchers have reported that even
though the maximal strength was the same, individual differ-
ences and gender differences were found in the developmen-
tal phase (the initial phase until reaching the maximum force)
of the force-time curve during isometric explosive strength
exertion (19). Hence, examining the relationships between
power evaluation parameters obtained by the present device
and MGS by isometric contraction and the output power
properties of genders will be important in the future for
evaluating the gripping power of people of a wide age range,
including the elderly.
To establish the evaluation method of muscle power
exerted by explosive gripping, this study aimed to examine the
reliability of parameters and the muscle power output
properties in both genders.
METHODS
Experimental Approach to the Problem
In this study, each subject carried out explosive grip tests
twice using a simple muscle power measurement device
(weight loading method), each time with 20, 30, 40, and 50%
loads of MGS by isometric contraction. Peak power was
drawn from the product of the measured peak velocity and
relative loads. The reliability of parameters and the muscle
power output properties in both genders were examined.
Subjects
The subjects were 15 young men (mean age 22.26 2.4 years,
mean height 172.26 4.9 cm, mean weight 66.56 9.8 kg) and
15 women (mean age 21.4 6 2.3 years, mean height 162.1 6
8.0 cm, mean weight 55.5 6 5.5 kg). Informed consent was
obtained from all subjects after a full explanation of the
experiment and its procedures. The study was approved by
the human rights committee of Kanazawa University.
Experimental Device and Muscle Power Measurement
Isotonic muscle power exerted by explosive gripping with
relative loads (20–50% MGS) was measured by a muscle
power measurement device (Yagami, Japan) using the weight
loading method, which can measure velocity when moving
constant loads (Figure 1). This device consists of a rotary
encoder (SUNX, ORE38-1200) attached to a fixed pulley and
a recording device. The encoder measures the rotational
angle with a sampling frequency of 100 Hz via an analog-
to-digital interface. The resolution of rotary encoder is 1200
pulses per turn. In short, a pulse occurs every 0.3, and the
device calculates the angle of rotational degree (0.33 pulses)
by counting the incidence of a pulse. The rotational angle
was converted to the moving velocity of the load in the
recording device. If muscle contraction velocity using a rotary
Figure 1. Schematic representation of experimental setup.
Figure 2. Grip power measurement position (start: left; finish: right).
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encoder can be precisely measured, muscle power also can be
adequately measured by small grasp work.
Each subject attached his or her palm to the fixed bar,
grasping the handle with 4 fingers and not the thumb, and
then explosively pulled the handle to the fixed bar as shown in
Figure 2. The amount of work produced by gripping was
assessed by the moving distance (about 5–7 cm). Subjects sat
on an adjustable ergometric chair, and the arm, supported by
an armrest, was in a sagittal and horizontal position, with the
forearm vertical to the hand in a semiprone position. The use
of an armrest ensures that the measured values of this study
are not influenced by the weight of the device and any
swinging of the arm with the device (Figure 3). Subjects can
instead concentrate on explosive gripping. The height of the
seat was adjusted with consideration of each subject’s height.
The grip width could be arbitrarily adjusted for each
individual by a dial to achieve a 90 angle with the proximal-
middle phalanges. Peak velocity and velocity-time curves
were measured by the device (weight loading method) when
pulling loads quickly by explosive gripping. Peak power was
drawn from the product of the peak velocity and relative loads
based on Newton’s second law of motion. The formula for
computation of muscle power was as follows:
Peak power (W) = load mass (kg)3 acceleration of gravity
(9.807 ms22) 3 peak velocity (ms21)
Additionally, to clarify the muscle power output properties
during explosive gripping, the power curve was determined
by multiplying the velocity time-series data by each load
mass.
Experimental Procedure
Before an experiment, the height and body weight of each
subject weremeasured. To determine the relative loads for the
power test, subjects performed
the MGS test with the domi-
nant hand, determined based
on Oldfield’s (15) handedness
inventory, twice before the
power test, and the higher
value was designated as the
MGS. The MGS was measured
using a Smedley-type grip
strength dynamometer at-
tached to the end of a wire rope
(Figure 4). The load was se-
lected as 20, 30, 40, and 50% of
MGS based on previous studies
(18). The experiment was done
with a crossover design so that
every volunteer performed
each test twice on the same
day. Subjects were instructed to
exert maximal force as fast and
Figure 4. Dynamometer for measuring maximal voluntary grip contraction.Figure 3. Attachment for gripping.
Figure 5. Velocity-time curve and parameters.
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forcefully as possible immediately after hearing a beeping
sound from the instrument. They conducted several practical
trials to get accustomed to the device and to explosive
gripping.
Evaluation Parameters
The following muscle power parameters were selected
by referring to previous studies (5) (Figure 5): peak velocity
during 0.01 seconds (mms21), time to peak velocity (seconds),
time to finish the grip (seconds), average velocity to finish
(mms21), and peak power (W). Peak power was calculated
from the product of the peak velocity and relative load based
on MGS.
Statistical Analyses
Examination of Reliability. A cross-correlation coefficient is
a time-series correlation coefficient and is calculated to
examine the concordance of both wave forms/fluctuations.
In this study, to examine the trial-to-trial reproducibility of
a series of power curves, cross-correlation coefficients were
Figure 6. Average curve of peak power in the power grip test.





rSD CV SD CV
20% Time to peak velocity s 0.20 0.04 17.99 0.07 0.27 0.06 23.03 0.34
Time to finish the grip s 0.33 0.04 11.43 20.32 0.38 0.10 25.49 0.08
Average velocity m m /s /s 1.92 0.21 10.98 20.01 1.34 0.33 24.36 20.14
Peak power m m / s % 81.20 9.99 12.30 20.17 59.67 17.94 30.06 20.11
30% Time to peak velocity s 0.25 0.04 15.74 20.12 0.30 0.07 22.98 0.11
Time to finish the grip s 0.36 0.05 13.23 20.33 0.41 0.12 29.64 20.08
Average velocity m m /s /s 1.61 0.23 14.21 0.26 1.22 0.33 27.22 0.06
Peak power m m / s % 97.90 13.65 13.94 20.02 80.50 22.15 27.52 20.03
40% Time to peak velocity s 0.29 0.05 16.50 20.23 0.35 0.09 24.89 0.63
Time to finish the grip s 0.43 0.06 13.24 20.17 0.49 0.12 25.46 0.39
Average velocity m m /s /s 1.43 0.20 14.60 20.18 1.03 0.30 28.86 20.29
Peak power m m / s % 110.40 15.69 14.22 20.07 95.47 31.07 32.54 20.12
50% Time to peak velocity s 0.32 0.05 15.37 20.07 0.38 0.11 27.73 0.62
Time to finish the grip s 0.49 0.07 15.19 20.23 0.57 0.18 31.40 0.25
Average velocity m m /s /s 1.17 0.25 20.91 0.12 0.88 0.26 29.82 20.31
Peak power m m / s % 120.83 31.03 25.68 0.03 96.83 28.25 29.17 20.19
CV = coefficient of variation. Bold text of ICC indicate significant correlations (p , 0.05).
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calculated between time-series data for each relative load.
The ICCs of parameters regarding muscle power were
calculated to examine the trial-to-trial reliability.
Examination of Gender Difference. The relationships between
muscle power parameters andMGSwere examined using the
Pearson correlation coefficient. Two-way analysis of variance
(ANOVA) was used with groups (men and women) as the
between-subjects factor and load condition (20, 30, 40, and
50% MGS) as the repeated measures. Multiple comparisons
were performed using the Tukey HSD method. The




Figure 6 shows the time-series average power curves exerted
by each load for men and women. The cross-correlation
coefficients between trials were larger than 0.95 in both
genders. Table 1 shows the means of the evaluation
parameters and the coefficient of variation (CV) for each
load. The CVvalues were larger in women than in men for all
loads. The ICCs were very high (above 0.75) except for the
cases of time to peak velocity and average velocity of 30%
MGS in men (men: 0.77–0.92; women: 0.77–0.98).
Properties of Muscle Power Exertion in Men and Women
To clarify muscle power output properties in both genders
during explosive gripping, peak power was drawn from the
product of the measured peak velocity and relative loads. As
the load increased, the time to finish gripping became longer
in both genders (Figure 4). Peak power tended to become
higher with increased load in men, but not in women. The
MGS showed insignificant correlation with any parameter
except for the time to peak velocity of 40 and 50% MGS in
women (Table 1).
Figure 7 shows a change of peak velocity and power in
both genders for each load and 2-way ANOVA results. Peak
velocity values were larger in men than in women at 20, 30,
and 50% MGS, and a large gender difference was found in
20% MGS but not in 40% MGS. Peak power values were
larger in men than in women for all loads, and the women’s
values were 44.5–52.2% of the men’s. Peak power tended to
increase with increasing loads in both genders, but it showed an
insignificant difference between 40 and 50% MGS in women.
DISCUSSION
An isokinetic dynamometer, which is a current standard
device among muscle power measurement devices, can
control accelerated velocity and measure the power exerted
while maintaining constant velocity. On the other hand, the
measurement device used in this study can measure muscle
power from performances (moving velocity) exerted with
a form similar to real output properties. Because this device
can measure time-series power output with high accuracy,
the force rising development phase in ballistic muscular
contraction with maximum effort can be analyzed. However,
the gripping motion in this study involves multiple joints with
a very small range of motion and is different from large
movements at a simple joint, such as elbow flexion and knee
extension. Hence, we have to examine the reliability of
dynamic muscle power values given by explosive gripping.
The reproducibility of isotonic muscle power exerted by
explosive gripping is considered to be high from the present
results (.0.95) in both genders. Miyaguchi and Demura (13)
measured elbow flexion power by the presence or absence of
countermovement using a device of the same type and have
reported that cross-correlation coefficients were significant
Figure 7. Change of peak power and peak velocity with relative loads for both genders.
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and high (r = 0.75–0.99) in any condition. The above values
exceed them. Perhaps because subjects were accustomed to
gripping rather than elbow flexion or knee extension, stable
muscle power exertion might have been possible. Because
explosive gripping is a movement with a small technical
factor, high reliability can be also expected in the
measurement of women and the elderly.
Until now, attention has been paid to onlyMGS in general
grip strength exerted by isometric contraction, but Demura
et al. (4) tried to evaluate muscle power by force-time
parameters exerted during explosive isometric gripping.
They report that the ICC of the maximal grip value was
more than 0.9, but the ICC of the force-time parameters was
lower than 0.7. The present ICCs were high values .0.75.
Thus, measurements of muscle power exertion by explosive
gripping may have higher reliability than those of isometric
muscle power exertion. The movement range of gripping
was small. In addition, subjects can exert power with almost
the same conditions as a real movement style (output
properties). From the above reason, ICCs may have been
high values.
On the basis of the insignificant correlations betweenMGS
and each parameter in both genders, we speculate that the
parameters selected in this study reflect a different myofunc-
tion fromMGS.Namely, the presentmeasurement device can
evaluate the property of muscle power that a traditional
device cannot evaluate.
The peak velocity showed larger values in men than in
women at 20, 30, and 50%MGS but not at 40%MGS. Kaneko
(8) reports that muscle contraction velocity does not show
a gender difference as large as maximal muscle strength. The
present results using 4 kinds of relative loads suggest that the
muscle contraction velocity at 40% MGS is very similar
between men and women. From the above result, we can
conclude that using the 40% MGS, which shows an
insignificant gender difference in peak velocity, may be
effective when comparing the output properties of muscle
power (the rate of force development) between men and
women.
On the other hand, a marked gender difference was
observed in peak velocity at 20% MGS. This may result from
a gender difference of muscle contraction velocity because of
the lightweight load (high speed). Kanehisa et al. (7)
examined a gender difference in the dynamic muscular
strength of speed skate players and the general population
and have reported that although a significant gender
difference was not found in the value of muscular strength
per cross-sectional area at 60s21, men showed higher values
than women at 180 and 300s21. Hence, even if gender
differences in muscle mass are controlled for, men will still be
superior in muscle power output at high speed.
As the loads increased, the peak power tended to increase
in men, whereas in women a significant difference was not
found between 40 and 50% MGS. Kaneko (9) has reported
that peak power is generally found at one-thirds MGS in the
case of simple muscle power output effort. However, the
relative intensity producing the maximum power differs
largely based on the movement pattern or physical region.
From the present results, peak power may have been exerted
in load settings with 50% MGS or more for men and at 40%
MGS for women. The above problem should be examined in
detail in the future.
It has been reported that a strength factor generally shows
a larger gender difference than a muscle contraction velocity
factor and that a woman’s muscle power is around 50–60%
that of a man’s (2,12). The women/men ratio of peak power
was somewhat low (44–52%) in comparison with the above.
Muscle power is mainly measured by simple joint movement.
However, the gripping movement used in this study is
a complicated multijoint movement, despite producing a
small local movement. This difference may be related to the
low gender ratio.
In conclusion, peak power values by explosive gripping
were larger in men than in women for all loads, and the
women’s values were 44.5–52.2% of men’s. A large gender
difference was found in 20% MGS. The reliability of muscle
power parameters measured by a simple measurement device
in this study is high. It is judged that the device used in this
study can properly evaluate a gender difference in muscle
power output properties by explosive gripping.
PRACTICAL APPLICATIONS
Through muscle power measurement using explosive
gripping, we have examined the gender difference of output
properties that we could not evaluate by the conventional grip
measurement. Because explosive gripping is amovementwith
a small technical factor, high reliability can also be expected in
the measurement of women and the elderly. It might be
possible to examine grip power properties in detail by
measuring 0.1-second power to evaluate the initial situation
that Demura et al. (3) have noted in elbow flexion.
REFERENCES
1. Capranica, L, Battenti, M, Demarie, S, and Figura, F. Reliability of
isokinetic knee extension and flexion strength testing elderly
women. J Sports Med Phys Fitness 38: 169–176, 1998.
2. Davies, CTM. Human power output in exercise of short duration in
relation to body size and composition. Ergonomics 14: 245–256,
1971.
3. Demura, S, Miyaguchi, K, and Matsuda, S. Evaluation of single and
repeated muscle power exertion. J Educ Health Sci 52: 165–173,
2007.
4. Demura, S, Yamaji, S, Minami, M, Nagasawa, Y, Kita, I, and
Matsuzawa, J. Examining reproducibility of force-exertion pattern
and reliability of force-time parameters in the development phase
during static explosive grip exertion. Jpn Soc Phys Fitness Sports Med
48: 493–500, 1999.
5. Demura, S, Yamaji, S, Nagasawa, Y, Sato, S, Minami, M, and
Yoshimura, Y. Reliability and gender differences of static explosive
grip parameters based on force-time cirves. J Sports Med Phys Fitness
43: 28–35, 2003.
6. Johnson, J and Siegel, D. Reliability of an isokinetic movement of the
knee extensors. Res Q 49: 88–90, 1978.
470 Journal of Strength and Conditioning Research
the TM
Evaluation of Explosive Muscle Power
Copyright ©  . N   ational S  trength and Conditioning  A  ssociation. Unauthorized reproduction of this article is prohibited
7. Kanehisa, H, Nemoto, I, Okuyama, H, Ikegawa, S, and Fukunaga, S.
Force generation capacity of knee extensor muscles in speed skaters.
Eur J Appl Physiol 73: 544–551, 1996.
8. Kaneko, M. The relation between force, velocity and mechanical
power in human muscle. Res J Phys Educ 14: 143–147, 1970.
9. Kaneko, M. Science of Power-Up: Power and Efficiency of a Human Body
Engine [in Japanese]. Tokyo: Asakurasyoten, 1988.
10. Kaneko, M and Ikai, M. A study on muscular power with inertia
wheel. Proc Int Congr Sports Sci 430–432, 1964.
11. Lesmes, GR, Costill, DL, Coyle, EF, and Fink, WJ. Muscle strength
and power changes during maximum isokinetic training. Med Sci
Sports 10: 266–269, 1978.
12. Mayhew, JL and Salm, PC. Gender differences in anaerobic power
tests. Eur J Appl Physiol 60: 133–138, 1990.
13. Miyaguchi, K and Demura, S. Muscle power output properties using
the stretch-shortening cycle of the upper limb and their relationships
with a one-repetition maximum bench press. J Physiol Anthropol 25:
239–245, 2006.
14. Moore, MI, Engrav, LH, Vedder, NB, Gibran, NS, Esselman, P, and
Costa, BA. Dexter: a tool to facilitate impairment ratings. J Burn Care
Rehabil 22: 397–400, 2001.
15. Oldfield, RC. The assessment and analysis of handedness: the
Edinburgh inventory. Neuropsychologia 9: 97–113, 1971.
16. Petrofsky, JS and Hendershot, DM. The interrelationship between
blood pressure, intramuscular pressure, and isometric endurance in
fast and slow twitch skeletal muscle in the cat. Eur J Appl Physiol 53:
106–111, 1984.
17. Schluter, JM and Fitts, RH. Shortening velocity and ATPase activity
of rat skeletal muscle fibers: effects of endurance exercise training. Am
J Physiol 266: C1699–C1673, 1994.
18. Suzuki, M, Yamazaki, Y, and Matsunami, K. Relationship between
force and electromyographic activity during rapid isometric
contraction in power grip. Electroencephalogr Clin Neurophysiol 93:
218–224, 1994.
19. Walamies, M and Turjanmaa, V. Assessment of the reproducibility of
strength and endurance handgrip parameters using a digital analyser.
Eur J Appl Physiol Occup Physiol 67: 83–86, 1993.
VOLUME 23 | NUMBER 2 | MARCH 2009 | 471
Journal of Strength and Conditioning Research
the TM
| www.nsca-jscr.org
Copyright ©  . N   ational S  trength and Conditioning  A  ssociation. Unauthorized reproduction of this article is prohibited
